Summary.-The relationship between melanoma incidence and latitude was investigated in North America and Europe, using the data collected by 43 population-based cancer registries. In North America melanoma incidence increased with decreasing latitude, supporting the role of UV light in the induction of melanoma. Within England the data from the National Cancer Registration scheme also showed the trend of increased frequency of melanoma with decreasing latitude. In contrast, across Europe the trend was in the opposite direction, of increasing melanoma incidence with increasing latitude. It is suggested that across Europe there is a range of skin colour from dark in the south to light in the north, which gives rise to a range of susceptibility to the induction of melanoma by UV. The effect of this susceptibility must be large enough to overwhelm the opposing effect of decreased UV intensity at higher latitudes, and this emphasizes the dangers of excessive solar exposure to fair-skinned individuals. The population of England may be a sufficiently random mix of skin colour, owing to repeated invasions, for the effect of UV intensity to be observed.
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THE DIRECT ROLE of UV radiation in the induction of malignant melanoma has gained widespread recognition in the last decade. This has been based in part on the observed increase in mortality from melanoma with increasing proximity to the equator (Lancaster, 1956; Elwood et al., 1974) . Similar trends of the incidence of melanoma have been reported by smallscale studies (Haenszel, 1963; MIagnus, 1973) , but there has not been a study of incideince rates covering a wide range of latitudes. In apparent contradiction to this trend of increasing melanoma frequency with decreasing latitude are the reports of high incidence and mortality rates in Norway and Sweden (Lancaster, 1956; Magnus, 1977) .
Additional support for the relationship between UV and melanoma comes from st-udies of racial differences in melanoma incidence. The incidence among darkskinned races is commonly low (Oettle, 1]966; Camain et al., 1972 ) and a clear relationship between the density of skin pigmentation and the incidence of melanoma on the exposed body sites has been demonstrated (Crombie, 1979) . Melanin pigmentation is thought to afford protection by absorbing the UV (Quevedo et al., 1975) so that the degree of protection would be expected to depend on the concentration of pigment.
The distribution of melanoma over the various body sites provides indirect evidence for the role of UV in its induction. The very high incidence on the female lower limb may be due to exposure of her bare legs, whereas the high incidence on the male neck and trunk may be related to his habit of shirtless attire in summer (Lee & Yongchaiyudha, 1971; Magnus, 1973) . Also the recent increase in melanoma incidence is most marked at those sites which became exposed following fashion changes some decades earlier.
The present study examines the relationship between melanoma incidence and latitude among Caucasians in Europe and North America, across a wide r ange of latitude. It also investigates the apparently anomalous high incidence of melanoma in Norway and Sweden. (Segi, 1960) . The rates refer to periods of 3-5 years between 1967 and 1973, with the exceptions of Utah, Finland, Sweden and South West (1966-70) , Denmark (1963-67) and Iceland .
The standardized registration ratios of melanoma frequency in the 14 hospital regions in England were obtained from the Registrar General's Supplement on Cancer 1968-70 (HMSO, London). The registration ratios are standardized by age for each region and expressed as a ratio of the value for the whole of England and Wales, multiplied by 100; the figure for England and Wales is thus defined as 100.
Site definition8.-Melanoma refers only to malignant melanoma of the skin (ICD 172, 8th Revision). For the studies of incidence rates in Europe and North America the grouping "all sites" refers to all sites (ICD 140-209) excluding non-melanoma skin tumours (ICD 173). This was necessary because not all cancer registries record nonmelanoma skin tumours. For the studies of the standardized registration ratios in England and Wales, the term "all sites" refers to all sites (ICD 140-209) and includes nonmelanoma skin tumours.
Determination of latitude.-Populationbased cancer registries cover large geographical areas, and in some cases correspond to whole countries, so that it is difficult to specify their exact latitude. Elwood et al. (1974) have suggested that the largest town from an area gives a good estimate of the geographical centre of population, and this convention has been adopted here.
RESULTS
The cancer registries and the largest towns in their regions are shown in Appendix I, together with their latitudes and melanoma incidence rates. Melanoma incidence in North America showed a trend of an increase with decreasing latitude (Fig. 1) . Regression analyses showed that this trend with latitude was significant in both males and females (Table I ). An earlier analysis of these data of the melanoma incidence among Caucasians indicated that the melanoma incidence was directly related to that of cancer of all sites (excluding non-melanoma skin tumours) (Crombie, 1979) . It Within Europe the relationship between melanoma incidence and latitude takes a different form (Fig. 3) creases. Regression analyses showed that this trend was just significant in males and highly significant in females (Table II) . This trend could also be a spurious effect of the variation of the all-sites incidence with latitude. Regression analysis showed that for males the all-sites incidence was unrelated to latitude, but that for females there was a significant trend of all sites with latitude (Table II) . It seemed unlikely that this weak trend of all sites could account for the very strong trend of melanoma with latitude. This was investigated further by multiple regression analysis, in which the effects of the variation in all sites was allowed for, so that the relationship between melanoma incidence and latitude could be observed in isolation. This gave for melanoma and latitude a partial correlation coefficient of 0569 which had a variance ratio of (1 and 25 degrees of freedom). This highly significant result (P<0.01) indicates that there is a real relationship between melanoma and latitude. This reversal of the normal trend of melanoma incidence with latitude in Europe was unexpected, but it is consistent with the reported high mortality from melanoma in Norway and Sweden. The native inhabitants of Europe can be divided into different races which are geographically separated (Dyer, 1974) so that the trend of melanoma with latitude might be due to differences between such groups. If this were so, within a small but heterogeneous population the trend of increasing melanoma incidence with decreasing latitude might be detected. The data of the melanoma frequency for the hospital regions of England, and their latitudes, are shown in Appendix II. A strong trend of increasing melanoma frequency with decreasing latitude was seen (Fig. 4) . Regression analysis again revealed that this trend was significant and was not due to any confounding effect of efficiency of registration (Table III) .
DISCUSSION
The major role which UV is thought to play in the induction of malignant melanoma should produce a marked increase in the incidence of this tumour with decreasing latitude. Within North America such an increase was clearly seen and was similar for both sexes. This supports the results of a study of melanoma mortality (Elwood et al., 1974) and also those of a much less extensive study of incidence (Haenszel, 1963) within North America.
The reported high mortality from melanoma in Norway and Sweden (Lancaster, 1956) would not be expected from this model, because of the northerly latitude of these countries. This study has not only confirmed that the incidence data in these countries are consistent with the mortality results, but has shown that in Europe the incidence of melanoma increases from south to north. This apparent contradiction between the trends with latitude of melanoma incidence in North America and Europe may arise from the combination of two factors: the existence of distinct races within the grouping European whites (Dyer, 1974) , and the relationship between skin colour and melanoma incidence. It has been demonstrated from inter-racial comparisons that dark pigmentation protects against melanoma (Oettle, 1966; Crombie, 1979) . There have also been reports that even among so-called whites those with very fair complexions are more susceptible to melanoma induction (Lancaster & Nelson, 1957; Gellin et al., 1969) . Within Europe there is a marked contrast in skin colour between the olive-complexioned, darkhaired Mediterraneans in the south, and the fair-skinned, blond-haired Scandinavians. A gradation of skin colour from south to north could result in a gradation of susceptibility to melanoma induction, which could give rise to the observed increases in melanoma incidence with latitude. The effect of the susceptibility must be large to overcome the opposing effect of decreasing UV intensity and this emphasizes the dangers of excessive solar exposure to fair-skinned individuals. The relationship between melanoma and latitude may break down at the extreme northerly latitudes, because both Finland and Iceland have lower melanoma incidence rates than Norway and Sweden which lie immediately to the south. It has been suggested that the climatic conditions at these latitudes limits the amount of exposure of the body to sunlight (Magnus, 1977) . In support of this is the observation that the melanoma incidence in the north of Norway is lower than in the south (Magnus, 1973) .
England is a small country with a history of repeated invasions, and its population is predominantly a mixture of European races. This situation is unlikely to have produced a marked gradient of skin colour with latitude, so that the frequency of melanoma might be expected to increase with decreasing latitude. The observation of such a relationship does not exclude the possibility that there are differences in susceptibility between the regions of England.
European migrants to North America must have been dispersed in a more or less random fashion for the trend of increasing melanoma incidence with decreasing latitude to be found. However, if the dispersion was not totally at random, regional differences in susceptibility could affect the exact nature of the relationship of melanoma with latitude. Detailed mathematical analyses of melanoma incidence and latitude relationships, such as that of Fears et at. (1977) , should be treated with caution until it is shown that differences in susceptibility do not confound the results.
The question remains why this suggested gradation of skin colour should exist. The subdivision of European peoples into geographically separated races suggests the possibility that adaptations to small differences in climate could have occurred. This would suggest that white skin carries a selective advantage in northern latitudes. Quevedo et al. (1975) have reviewed the theories which have been advanced to explain this, and concluded that the most attractive was that concerning the synthesis of vitamin D. This vitamin is rare in most foods but can be synthesized in the skin under the action of sunlight. In northerly latitudes a greater proportion of the available sunlight would need to be absorbed to produce sufficient vitamin D. There must however be a compromise between a skin which is light enough to absorb enough UV and one which is pigmented enough to protect against sunburn, solar degeneration and skin cancer. Thus the gradation of skin colour in Europe reflects the changing balance between these 2 factors at different latitudes.
